Introduction to Professional Conduct
The need, among others, to be publicly accountable has led many professions to develop guidelines, declarations, or codes of ethics and, in some instances, standards of practice. These statements on appropriate professional conduct document the normative practices against which the profession can be held accountable for its actions, both collectively and by its individual practitioners (1) .
The phenomenon of developing codes/guidelines is relatively recent, having become common practice within only the past decade. Hence, many of the codes are very recent, e.g., those promulgated by the International Commission on Occupational Health (ICOH) (2) and the Council for International Organizations of Medical Sciences (CIOMS) (3, 4) . It Advances in professional (or, applied) ethics are made by thoughtful and innovative thinkers (or, visionaries) in any activity area within the broad array of professional endeavor. However, it is only once the deliberations of these so-called visionaries are ultimately integrated into the profession's codes/guidelines, that they will be deemed "common practice," or normative. Hence, this article also examines the more recent published and presented works by leading contributors to the philosophy of biomarkers for the screening of populations cerned. An invasive investigation or an examination which involves a risk to the health of the worker concerned may only be advised after an evaluation of the benefits and the risks involved and cannot be justified in relation to insurance claims. Such an investigation is subject to the worker's informed consent and must be performed according to the highest professional standards.
[Note: Because the ICOH document confines itself to occupationally exposed groups, all quoted statements from this document will be expanded to incorporate environmental health where appropriate, in parentheses within any quotation.]
Guidelines are not an end in themselves; they are expected to be reviewed and revised from time to time to reflect changing values and to rise to the challenge presented from advances in technology that so often precipitate the need for concern about ethical conduct. With biomarker technology gaining prominence, a lag of some years can be anticipated before the ethics guidelines/codes of conduct are seen to address related issues.
Social and Legal Perspectives
The context for considering ethical issues is important for the analysis of an ethical dilemma. Context can shed light on which ethical principles ought to take precedence over others. Hence, the context of occupational and environmental health will be addressed first.
The aim of occupational and environmental health practice is to protect health and to promote the establishment and maintenance of a safe and healthy environment. In addition, in the occupational health context in particular, the aim is to promote the adaptation of work to the capabilities of workers, taking into account their state of health. Attention in guidelines thus should be given to vulnerable groups and to underserved working populations (43) . Occupational health is essentially preventive and should help the workers, individually and collectively, to safeguard their health in their employment. It should thereby help the enterprise to ensure healthy and safe working conditions and environment, which are criteria of efficient management and are to be found in well-run enterprises.
The field of occupational health is comprehensive and covers the prevention of all impairments arising out of employment, work injuries, and work-related diseases as well as all aspects relating to the interactions between work and health. Occupational health professionals should be involved, whenever possible, in the design of health and safety equipment, methods, and procedures and they should encourage workers' participation in this field. Occupational health professionals have a role to play in the promotion of workers' health and should assist workers in obtaining and maintaining employment notwithstanding their health deficiencies or their handicap. The word "workers" is used here in a broad sense and covers all employees, including management and the self-employed.
The approach in both occupational and environmental health is multidisciplinary and intersectoral. There is a wide range of obligations and complex relationships among those concerned (2) . It is therefore important to define the role of professionals and their relationships with other professionals, with other health professionals and with social partners in the purview of economic, social, and health policies development. This calls for a clear view about the ethics of occupational and/or environmental health professionals and standards in their professional conduct.
In occupational settings in general, duties and obligations are defined by statutory regulations. Each employer has the responsibility for the health and safety of the workers in his or her employment. In particular, in the United States it is the obligation of the employer to provide a safe and healthful workplace (67) . More recent interpretation of this legislation points to environmental control as opposed to worker exclusion for meeting this obligation.
Each profession has its responsibilities that are related to the nature of its duties. When specialists of several professions are working together within a multidisciplinary approach, it is important that they base their action on some common principles of ethics and that they have an understanding of each others' obligations, responsibilities and professional standards. Special care should be taken with respect to ethical aspects, in particular when there are conflicting rights such as the right to the protection of employment and the right to the protection of health, the right to information and the right to confidentiality, as well as individual rights and collective rights (2) .
Some of the conditions of execution of the functions of occupational health professionals and the conditions of operation of occupational health services are often defined in statutory regulations. One of the basic requirements for a sound occupational health practice is full professional independence, i.e., that occupational health professionals must enjoy independence in the exercise of their functions that should enable them to make judgments and give advice for the protection of the workers' health and for their safety within the undertaking in accordance with their knowledge and conscience (2 independence of the environmental health practitioner in protecting the interests of public health.
There are basic requirements for acceptable occupational health practice. These conditions of operation are sometimes specified by national regulations and include, in particular, free access to the work place, the possibility of taking samples and assessing the working environment, making job analyses and participating in inquiries after an accident, and the possibility to consult the competent authority on the implementation of occupational safety and health standards in the undertaking. Occupational health professionals should be allocated a budget that will enable them to carry out their functions according to good practice and to the highest professional standards. This should include adequate staffing, training, and retraining; support, and access to relevant information and to an appropriate level of senior management (2). These arguments can be extended to environmental health professionals.
Ethical Considerations
Ethical analysis often points to tensions between two or more principles. For example, the need for individual privacy can conflict with the need to protect the public interest; and, the need to do good has to be balanced against the potential also to cause harm. Because of this, a review of the strengths and weaknesses of the advances that biomarker technology brings must be considered.
Epidemiology has relied on hard end points such as death in most cohort studies. However, workers might prefer to see something different from body counts when the potential health effects of occupational exposures are studied (31, 57 In reference to the latter point, biomarkers can be highly specific indicators of a cause of a disease that otherwise has multiple causes. For example, determination of the relationship among specific patterns of chromosomal abnormalities in chemical-induced leukemia can improve the likelihood of determining a cause-and effect-relationship in a cluster of leukemias or, as another example, study of the codons involved in p53 mutations could lead to distinguishing between those lung cancers from radon and those from cigarette smoking, a point of much value in determining radon risk.
Great enthusiasm has arisen in the scientific community about these uses but, as noted above, methodological complexity should serve to caution against excessive optimism. Biomarkers of chemical exposures (such as DNA adducts) have several shortcomings (31, 35, 57) . a) They usually reflect recent exposures and, therefore, are of limited use in case-control studies, whereas they require repeated samplings over prolonged periods for use in cohort investigations. b) While they can be highly specific and thus improve exposure classification, findings often remain difficult to interpret. c) When complex chemical exposures, e.g., air pollution or environmental tobacco smoke are investigated, it is possible that the biomarker would reflect one particular component of the mixture, whereas the biological effect, in fact, could have arisen from another component of the mixture. d) In many situations, it is not clear whether a biomarker reflects a relevant exposure, a correlate of the relevant exposure, individual susceptibility, or an early disease stage, thus limiting causal inference. e) The determination of most biomarkers requires an expensive test or an invasive procedure or both, thus creating constraints for adequate study size and statistical power. f) A biomarker of exposure is no more than a proxy for the real objective of an epidemiological investigation which, as a rule, focuses on an avoidable environmental exposure (31, 56, 57) .
Even more important than the methodological shortcomings is the consideration that molecular techniques might cause us to redirect our focus from identifying risks in the exogenous environment to identifying high-risk individuals and then making personalized risk assessments by measuring phenotype, adduct load, and acquired mutations. This would direct our focus to a form of clinical evaluation rather than one of public health epidemiology. Focusing on individuals could distract us from the important public health goal of creating a less hazardous environment. Clearly, there are both potential benefits and potential harms from the use of biomarker technology.
At least two early critiques of the view that supported the advancement of technologies whose goal it was to detect hypersusceptible workers have pointed to the sociopolitical context of such technologies (10, 16) . In fact, Green (16) examined the earlier concept of the hypersusceptible worker, arguing that the "concept enabled industrial toxicologists to organize knowledge about workers' reactions to toxicity so as to sustain a professional and methodological ideology which reflects the relationship between industrial toxicology and capitalist industry." Atherley (10) presents an example (i.e., lead) of the erosion of human rights by certain legislated activities in occupational medicine, concluding that issues relating to medical monitoring comprise political and ethical issues, not merely technical ones, that should be debated publicly. Both Green and Atherley, whether invoking examples from audiometry and radiographs (X-rays) of the back to glucose 6-phosphate dehydrogenase and serum-a-1-antitrypsin deficiency, conclude that none of these markers satisfy even those criteria specified by the proponents of such tests (10, 16) ; this view also has more recent support (56, 57 (6, 10, 11, 16, 35, 56) .
The second issue that emerges concerning use of biomarkers is that ethical principles must be applied prior to the use of biomarkers. Recently, these principles were considered for biomarkers used for identifying individual susceptibility to disease. An interdisciplinary Working Group of the Technical Office of the European Trade Unions with the support of the Commission of the European Communities has reinforced the view that tests can be conducted only with the objective of preventing disease in a workforce (68) . Among other considerations, the use of tests must never a) serve as a means for selection of the fittest; b) be used to avoid implementing effective preventive measures, notably the need to eliminate or reduce hazardous conditions in the workplace or in the environment; c) create, confirm, or reinforce social inequality; d) create a gap between the ethical principles followed in the workplace or in the environment and the ethical principles that must be upheld in a democratic society; or e) oblige a person seeking employment to disclose personal details other than those strictly necessary for obtaining the job (57) .
Finally, evidence is accumulating that the metabolic activation or inactivation of hazardous substances (and of carcinogens in particular) varies considerably in human populations and is partly genetically determined. Furthermore, interindividual variability in susceptibility to carcinogens may be particularly important at low levels of occupational and environmental exposure (59) . The implications of these findings for regulatory decisions that focus the risk assessment process on the most susceptible are obvious (61) .
Where professional groups are slow or reluctant to exercise due restraint in the application of new technologies (such as biomarkers), governments are likely to intervene with legislation in the public interest. It therefore behooves thoughtful professionals to consider the application of biomarkers in their professional interests and to develop guidelines for their use.
